Overproduction of greenhouse gases is driving climate change and increasing the average temperature of oceans worldwide. As a result, organisms are exhibiting behavioral changes and species are shifting their natural distribution. This study aimed to assess the effects of temperature on C. novaeguineae distribution and movement in order to predict the effects of rising sea temperature on this echinoderm's behavior and ecology. The distribution study measured the temperature gradient of the cushion star's current habitat in order to determine how temperature changes with respect to depth. Additionally, the cushion star's distribution range in relation to depth and sea temperature was examined to demonstrate how temperature influences cushion star range. The field experiment was conducted to determine the effects of increased temperature on C. novaeguineae behavior. Movement, a common mechanism used by ectotherms to escape heat stress, was measured as the response variable in cushion stars heat shocked in ocean waters 3°C above their expected upper thermal limit and in control organisms kept in ambient ocean waters of 31°C. The results of the distribution survey found that temperature decreased as depth increased. And cushion stars were generally found at 1, 2, and 3 meters and in temperatures between 29°C and 31°C. The field experiment revealed that the heat shocked individuals moved 3.2 times further than the control organisms and twice the number of heat shocked cushion stars moved into deeper waters than control organisms.
92 function, driving the species into cooler and deeper waters and altering the structure of their 93 current ecosystem. 94 This study will provide insight into the possible shifts in local distribution of cushion 95 stars that may occur as climate change persists. The overarching goal of this project is to 96 determine how temperature affects the distribution and behavior of cushion stars. Depth will also 97 be examined as a covariate of temperature. This study aims to determine the (1) the variance in 98 temperature at different depths, (2) the depth at which cushion stars are in greatest abundance, 99 (3) the temperature range in which cushion stars are most commonly found, (4) and the effects of 100 ocean warming on cushion star movement. The associated hypotheses consist of: (1) As ocean 101 depth increases, water temperature of the benthic layer will decrease. (2) Cushion stars will be at 102 greatest abundance in moderately shallow waters (2m). (3) Cushion stars will most commonly be 103 found in temperatures ranging from 29C to 31C. (4) Cushion stars exposed to higher than 104 average temperatures will display increased movement and move into deeper waters. Culcita 105 novaeguineae are expected to respond to ocean warming through movement into deeper waters 106 as a mechanism to escape heat stress and find an environment that corresponds with their thermal 107 tolerance. 108 109 Methods 110 111 Study site 112 Distribution surveys and collections of C. novaeguineae were conducted on the reef flat and reef 113 slope just off shore of the public beach in Opunohu, Moorea, French Polynesia (172928.2S 114 1495102.4W) and on the reef flat and reef slope slightly North of the UC Berkeley Gump 115 Station in Cook's Bay, Moorea, French Polynesia (172921.7S 1494933W) (Fig. 1) . The 116 field experiment portion of this study was conducted just off the dock of UC Berkeley Gump 117 Station (Fig.1) . These sites were chosen due to the high abundance of C. novaeguineae 118 individuals present in the area in addition to the reef slopes present at all three sites, which 119 provided varying depths to observe the organisms. 120 121 Collection and accommodation of Culcita novaeguineae 122 All of the cushion stars used in the field experiments described below were encountered while 123 strategically snorkeling and searching around substrates in which they can burrow, along the reef 124 flat and slope. Culcita novaeguineae and any algae or coral rubble they were feeding on at the 125 time of detection was collected using 1liter Ziploc bags. After being transferred back to the 126 Gump Station wet lab, the organisms were placed in a large, circular tank. The tank was supplied 127 with sand, coral rubble, algae, rocks to burrow under, and a constant flow of ocean water in order 128 to resemble their natural habitat. Cushion stars were collected in densities of two to four 129 organisms at a time and housed in the tank for 18 to 24 hours before conducting the experiment 130 in order to minimize any effects of transportation stress. 131 132 Distribution Survey 133 In order to assess the variance of temperature at different depths and the depth and temperature 134 range in which cushion stars are most commonly found, distribution surveys were taken from 135 October 25 th , 2016 until November 2 nd , 2016 between 3:00pm and 5:00pm. The survey consisted 136 of 18 transects along Opunohu Public Beach and 24 transects along Cook's Bay. The difference 137 in number of transects between the two sites was due to a limited area of cushion star habitat in 138 Opunohu Bay. In Opunohu Bay, six transects were conducted at each of the three chosen depths. 139 And in Cook's Bay, eight transects were conducted at each of the three chosen depths. 140
The transects were executed by snorkeling in a straight line parallel to the shore for 100 141 meters at a depth of 1 meter, 2 meters, and 3 meters. At every occurrence of C. novaeguineae an 142 Onset HOBO data logger was placed in the sand directly next to the cushion star and left there 143 for 1 minute to allow time for the logger to record the temperature in which the cushion star was 144 stationed in addition to the temperature of that specific depth. The time in which the data logger 145 was planted and the number of stars in that particular patch was recorded. If no stars were found 146 during a transect, the data logger was placed into the sand next to a substrate to determine the 147 temperature of that specific depth. Before the start of each trial, ocean water was collected directly off the dock at UC 157 Berkeley Gump Station using two buckets and a 1liter thermos. Ocean water from the thermos 158 was placed in a pot and heated over a gas stove to approximately 60C and then poured back into 159 the thermos. Ocean water from bucket one was placed in a pot and heated over a gas stove to 160 34C, simulating the projected increase in sea surface temperature. The heated ocean water from 161 bucket one was then poured back into the bucket and the temperature was measured again. If the 162 temperature fell below 34C, ocean water from the thermos was added and stirred into the bucket 163 until the water temperature reached 34C. Bucket two of sea water was unchanged and kept at 164 31C, corresponding to the upper limit temperature of current cushion star distribution. Then, the 165 experimental organism was placed in bucket one of 34C ocean water and the control organism 166 was placed in bucket two of 31C ocean water. The cushion stars and water temperatures of the 167 buckets were constantly monitored for 45 minutes and heated ocean water from the thermos was 168 added as needed. After the treatment, both cushion stars were placed next to markers on the 169 ocean floor of the reef slope. The distance each organism moved was determined by using 170 transect tape to measure the cushion star's distance from the marker after 5 minutes, 20 minutes, 171 and 30 minutes. The total distance moved over 30 minutes was calculated. The direction each 172 organism moved was determined by measuring the depth in which the cushion star was found 173 after 30 minutes using transect tape. All individuals found in depths greater than 1 meter was 174 classified as moving into deeper water and all individuals found in in depths of 1 meter or less 175 was classified as remaining in shallow water. 176 177 Statistical Methods 178 In order to determine if the data collected in this study was normally distributed, Shapiro-Wilk 179 normality tests were performed in R (R Core Team, 2013). All response variables were tested 180 and results found that the data from the distribution survey and the field experiment does not 181 follow a normal distribution. Therefore, nonparametric tests were used to analyze the results of 182 this study (Ambrose, 2007 ) (R Core Team, 2013).
229 The results of this study indicate that there is a sea temperature gradient in the cushion star 230 habitat and ocean water is cooler at greater depths. In addition, cushion stars were found at all 231 three depths and only found at intermediate temperatures between 29C and 31C, suggesting 232 that temperature is the main factor affecting cushion star distribution. Finally, the results from 233 the behavioral experiment suggest that cushion stars respond to heat stress through increased 234 movement into deeper waters. 235 236 Culcita novaeguineae distribution 237 Considering the inverse correlation between temperature and depth in both Cook's Bay and 238 Opunohu Bay and the temperature range in which cushion stars were typically found, a 239 relationship between cushion star abundance and depth would be expected. However, results 240 suggest there is no relationship between depth and number of cushion stars. This result may be 241 due to the small scale changes in temperature that occurred between each depth in Cook's Bay, 242 which is likely undetectable to cushion stars. On the other hand, Opunohu Bay exhibited a 243 detectable rate of change in temperature at each depth, yet there was no relationship between 244 depth and abundance of stars. This result could be due to the sample size, which was limited by 245 cushion star habitat in Opunohu Bay. Therefore, a higher sample size could be beneficial in 246 explaining the relationship between depth and number of stars when there is a detectable 247 difference between temperatures among increasing depths. 248
Given that cushion stars were evenly distributed among the three depths, but only found 249 in temperatures between 29C and 31C, it can be inferred that temperature defines the 250 distribution range of cushion stars and temperatures between 29C and 31C are within their 251 thermal tolerance. Based on these interpretations and the projected increase in ocean 252 temperature, the cushion star's current niche in shallow coral reefs will be outside of their 253 thermal tolerance. As a result, cushion star distribution may shift into deeper waters, where their 254 thermal range can be found. This possible range change is indicative of the ramifications 255 associated with warming waters due to climate change. 256 257 Behavioral response to heat 258 Cushion stars exposed to higher than average temperatures exhibited increased movement 259 compared to control individuals, suggesting that cushion stars respond to higher temperature 260 through movement. This response suggests that the heat shocked cushion stars were exposed to 261 temperatures that surpassed their thermal tolerance. Past studies have observed fish behavior at 262 temperatures greater than their thermal tolerance and found that they experience temperature-263 induced hypoxia, which alters their ability to function and promotes movement (Pörtner, 2002) . 264 Therefore, the increased movement in cushion stars immediately after heat exposure is indicative 265 of the organism reacting to temperature-induced hypoxia or sensing the potential threat. 266 Furthermore, the cushion star's response to heat could be an attempt to escape the heat-stressed 267 situation that limits their functional capacity (Pörtner, 2002) . 268
A greater number of heat shocked cushion stars moved into deeper water compared to 269 control organisms, suggesting that the heat stressed individuals respond to increased 270 temperatures by moving away from the warm water. Given that temperature decreases as depth 271 increases, the heat shocked cushion star's movement into deeper waters could be indicative of 272 them searching for a cooler environment. Therefore, as ocean temperature continues to rise, 273 cushion stars are likely to experience heat stress that goes beyond their thermal tolerance, 274 causing them to retreat to deeper, colder waters in order for them to properly thrive. 275 276 Implications of higher sea temperatures 277 Past studies have confirmed that ectotherms are unable to maintain a constant body temperature 278 at environmental extremes, thus rely on behavioral mechanisms for thermoregulation (Bicego et 279 al., 2007) . As an ectothermic species, cushion stars appear to be greatly affected by external 280 temperatures. With that being said, results of this study imply that cushion stars chose to inhabit 281 areas where temperatures are within their thermal tolerance and they respond to heat stress 282 through immediate movement into deeper waters. Although the average sea surface temperature 283 is projected to surpass C. novaeguineae's thermal tolerance within the 21 st century, their ability 284 to move under environmental pressure suggests that they may respond to climate change through 285 a distribution shift. Cushion stars may find refuge from increased sea temperature at greater 286 depths, meaning that they will no longer be found in shallow reef flats as climate change 287 progresses into the future. 288 289 Implications of Culcita novaeguineae response to heat 290 Cushion star's inability to acclimate to increased temperatures may result in the disappearance of 291 the species from their current habitat, which in turn could affect the entire structure of the coral 292 reef ecosystem. Since C. novaeguineae feed on a variety of organisms (Glynn & Krupp, 1985) , 293 loss of this species may affect the current composition of the ecosystem. More specifically, a 294 decrease in cushion stars could lead to an increase of prey that cushion stars typically feed on. 295 For example, the absence of algae eating C. novaeguinea (Glynn & Krupp, 1985) could 296 contribute to an overgrowth of algae within the coral reef and ultimately an ecosystem phase 297 shift. 298
Not only is the cushion star's response to heat indicative of the future species distribution 299 and coral reef health, but C. novaeguinea's stress response can serve as a model to predict the 300 responses to climate change of similar tropical marine ectotherms, who are unable to regulate 301 internal temperatures (Bicego et al., 2007) and are already living at temperatures near their 302 thermal optimum (Colwell et al., 2008) . Thus, it is likely we see significant changes in tropical 303 marine ectotherm distribution and behavior with increasing ocean temperatures. This study 304 provides a glimpse of the possible outcomes of global warming and sheds light on the 305 susceptibility of the ocean environment. As climate change persists, seas continue to warm, 306 threatening not only the fate of individual species, but the natural structure of tropical marine 307 ecosystems as a whole. The abundance of Culcita novaeguineae at different depths.
The number of Culcita novaeguineae per 800 m in Cook's Bay and 600 m in Opunohu found at 1, 2, and 3 meters.
